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(71) We, The General Electric 
Company Limited, of 1 Stanhope Gate, Lon- 
don W1A 1EH, a British Company, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

10 This invention relates to elec- 
troluminescent display devices of the type 
(hereinafter referred to as the type speci- 
fied) including a display panel consisting 
essentially of a light-transmissive substrate 

15 and, supported on the substrate, a layer of 
electrolurnihescent phosphor and two elec- 
trodes in contact with the phosphor layer, 
at least one of the electrodes being formed 
in a plurality of separate sections, which 

20 arrangement of phosphor layer and elec- 
trodes constitutes the display area of the 
panel, and the device including also con- 
tacts and conducting leads for connection 
of the electrodes and /or electrode sections 

25 to a source of electric current supply, 
through a suitable operating circuit 
arrangement, for the application of an 
operating voltage across the panel. The in- 
vention is more particularly, but not ex- 

30 clusively, concerned with devices of this 
type which are adapted for operation by 
the application of a unidirectional voltage, 
either continuous or pulsed, between the 
electrodes. Hie invention also relates to 

35 methods of manufacturing the devices de- 
scribed. 

The electroluminescent panel may be of 
the so-called "sandwich" form, wherein the 
phosphor layer is sandwiched between a 

40 front electrode and a back electrode, the 
front electrode being light-transmissive and 
usually consisting of a transparent elec- 
trically conducting coating, for example of 
tin oxide or indium oxide, on the sub- 

45 strate, and all parts of the phosphor layer 


which are disposed between the two elec- 
trodes being excitable to luminscenc by 
the applied voltage; in a device of the type 
with which the present invention is con- 
cerned, when the panel is of the sandwich 50 
form as defined above, at least the front 
electrode is formed in a plurality of 
separate sections. Alternatively, the panel 
may be of the so-called "gap-cell" form, 
wherein both of the electrodes are located 55 
on the same side of the phosphor layer, 
one or both of the electrodes being formed 
in a plurality of separate sections, and por- 
tions of the respective electrodes being 
arranged adjacent to one another with only 60 
small gaps between them: in this case only 
those portions of the phosphor layer which 
are located in gaps between adjacent sec- 
tions of the two electrodes, or between one 
electrode and sections of the other, are ex- 65 
citable to luminescence in operation of the 
device. 

It has been proposed to incorporate, in 
an. electroluminescent panel of either the 
sandwich type or the gap-cell type, a layer 70 
of insulating material disposed so as to in 
sulate portions of the phosphor layer, 
which are not required to emit light in 
operation of the panel, from one or both 
of the electrodes. Such an insulating layer 75 
has the effect of reducing or preventing the 
occurrence of leakage current at the edges 
of the light-emitting areas in operation of 
the device, and can also be used for de- 
lineating the light-emitting areas. 80 

The display panel in a device of the type 
with which this invention is concerned in- 
corporates an array of elements, delineated 
by the separate electrode sections and/or 
by an insulating layer as aforesaid, and 85 
capable of being independently energised 
singly or in various combinations, for the 
production of selected displays. One ex- 
ample of this type of device comprises a 
digital display panel, which is composed of 90 
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a multiplicity of elements arranged in 
groups, each group consisting of several 
elements so arranged that, on selective en- 
ergisation and resulting light emission from 
5 one or more of the elements of the group, 
any desired digit from 0 to 9 can be dis- 
played, and the arrangements of elements 
in all the groups usually being identical. 
The display elements are conveniently de- 

10 lineated by electrode sections in the form 
of a light-transmissive electrically con- 
ducting coating on the substrate, and each 
such electrode section is provided with a 
conducting lead to a contact for connection 

15 to a source of electric current supply via a 
suitable operating circuit, which may in- 
clude an arrangement for multiplexing the 
digits of the display. Thus for a display 
consisting of a relatively large number of 

20 digits, a large number of contacts on the 
substrate and a similarly large number of 
external leads therefrom to the operating 
circuit will be required. 
It is an object of the present invention 

25 to provide an improved construction of 
electroluminescent display device of the 
type specified, incorporating an array of a 
multiplicity of elements corresponding to 
electrode sections, whereby the number of 

30 external leads required for connection of 
the electrode sections to an operating cir- 
cuit can be reduced. 

According to the invention, an elec- 
troluminescent display device of the type 

35 hereinbefore specified includes a light-trans- 
missive, electrically conducting coating for- 
med on a substrate in a pattern including a 
multiplicity of electrode sections arranged 
to form the required elements in a display 

40 area of the panel, said electrode sections 
either constituting one of the electrodes of 
the device or being arranged in two sets so 
as to constitute both electrodes of the de- 
vice, said pattern also including leads ex- 

45 tending from the respective electrode sec- 
tions towards the edge of the substrate and 
a plurality of contact areas adjacent to the 
edge of the substrate; an insulating coating 
overlying said leads and delineating the 

50 periphery of each portion of the display 
area corresponding to a said element or a 
group of said elements, the regions of the 
insulating coating which lie outside the dis- 
play area having a plurality of apertures 

55 through each of which a small area of one 
of said leads is exposed, said lead being 
• so exposed through not more than one 
such aperture; a plurality of strips of elec- 
trically conducting material overlying the 
60 insulating coating in the said regions out- 
side the display area and disposed trans- 
verse to the said leads, each of said con- 
ducting strips overlying a plurality of the 
said apertures in the insulating coating, so 

65 as to contact the leads therethrough, and 


being connected to one of said contact 
areas adjacent to the edge of the substrate; 
a phosphor layer overlying at least the said 
delineated portions of the display area; and 
where the said multiplicity of electrode sec- 70 
tions constitutes only one of the electrodes 
of the device, a second electrode or set of 
electrode sections overlying the phosphor 
layer. 

In a preferred form of the invention the ' 5 
substrate is of rectangular shape, and the 
leads from the electrode sections are 
arranged substantially parallel to one 
another, running from the respective elec- 
trode sections towards the longer edges of °0 
the substrate, while the transverse con- 
ductive strips overlying the insulating coat- 
ing lie parallel to the longer edges of the 
substrate and are connected to contact 
areas which are disposed adjacent to the 85 
shorter edges of the substrate. Additional 
contact pads of conducting material are 
usually provided on the contact areas, for 
facilitating connection of the contact areas 
and hence of the transverse conducting 90 
strips to an operating circuit 

The Ught-transmissive, conducting pat- 
tern formed on the substrate may include 
one or more transverse strips, parallel to 
the transverse conducting strips overlying 95 
the insulating layer and disposed between 
the latter strips and the edge of the sub- 
strate. These transverse strips formed 
directly on the substrate thus constitute the 
outermost members of groups of transverse 10$ 
conducting strips, and are also connected 
to contact areas adjacent to the edge of 
the substrate. Some of the leads from the 
electrode sections are extended to join 
these outermost strips; it will therefore not 105 
be necessary to provide apertures in the in- 
sulating coating to permit connection of 
these particular leads to transverse con- 
ducting strips. 

Each of the transverse conducting strips 110' 
can be connected to leads from a plurality 
of electrode sections which are required to 
be energised simultaneously. In a particu- 
larly advantageous application of the in- 
vention, where the display elements are 115 
arranged in a number of similar groups, as 
in a digital display, the apertures in the 
insulating coating and the disposition of 
the transverse conducting strips are so 
arranged that each such strip is in contact 120 
with a lead from one display element in 
each group, the elements thus connected to 
any one such strip all occupying the same 
position in their respective groups, for ex- 
ample forming corresponding portions of 125 
digits. This arrangement enables multi- 
plexing of the digits to be carried out on 
the display panel itself, thus eliminating 
the multiplicity of conductors, external to 
the panel, which would otherwise be re- 130 


3 


1467 738 


3 


quired for connecting the electrode leads 
on the substrate to an operating circuit, 
since only one external lead to each trans- 
verse conducting strip will be required in 
5 respect of the front electrode sections in 
the case of a sandwich panel, or in respect 
of the sections of each electrode in the 
case of a gap-cell panel. 
In a device in accordance with the in- 
10 vention incorporating a sandwich panel, the 
electrode sections included in the light- 
transmissive conducting pattern on the sub- 
strate constitute the front electrode, and a 
back electrode is provided, overlying the 
15 phosphor layer, usually formed in a plural- 
ity of sections each covering one of the 
portions of the display area which are de- 
lineated by the insulating coating, for 
separate energisation of the elements or 
20 groups of elements of the display, a lead 
for connection of each section of the back 
electrode to an operating circuit being 
provided. In the case of a device in- 
corporating a gap-cell panel, both elec- 
25 trodes are formed in a multiplicity of sec- 
tions included in the light transmissive con- 
ducting pattern on the substrate, the pat- 
terns of the two electrodes being so 
arranged that each element of the display 
30 is formed by a gap between adjacent sec- 
tions of the respective electrodes, and two 
sets of transverse conducting strips are 
provided, the two such sets being arranged 
to contact the leads from the sections of 
35 the two electrodes respectively. 

The invention is especially suitable for 
application to a digital display panel of the 
sandwich type. In the construction of such 
a panel, in accordance with the invention, 
40 the front electrode sections are arranged in 
a number of identical groups each corres- 
ponding to a digit, for example each group 
consisting of seven bars so arranged that 
any digit from 0 to 9 can be formed from 
45 them, the area of each digit is delineated 
by the insulating coating, and the phosphor 
layer and back electrode are formed in sec- 
tions covering the respective digit areas. 
Trie number of transverse conducting strips 
50 (including any such strips incorporated in 
the conducting pattern on the substrate) re- 
quired will be equal to the number of front 
electrode sections forming each digit, the 
front electrode sections in the correspond- 
55 ing position in all the digit areas being 
connected to the same transverse strip, and 
a separate transverse strip being provided 
for each set of such corresponding front 
electrode sections. 
«60 The insulating coating suitably consists 
of one or more layers of photoresist 
material. Preferably at least the part of the 
insulating coating adjacent to the display 
elements and immediately surrounding the 
<65 dilineated portions of the display area con- 


sists of a transparent film of material 
which is either colourless or of a light co- 
lour substantially the same as the body co- 
lour of the phosphor layer, so that at least 
the display area of the panel has a sub- 70 
stantially uniform appearance, as viewed 
from the front of the panel, when none of 
the display elements are muminated. 

The parts of the insulating coating over- 
laid by transverse conducting strips are 75 
preferably thicker than the parts im- 
mediately surrounding the display area, in 
order to ensure that adequate insulation is 
provided between the conducting strips and 
the underlying leads, except where contacts 80 
are formed between the strip and leads 
through the apertures in the insulating 
coating. This additional thickness is con- 
veniently provided by applying one or 
more extra layers of insulating material on 85 
the areas to be overlaid by the conducting 
strips: such extra layers are not necesar- 
ily composed of the colourless or light 
coloured material preferably used for the 
display area of the panel. 90 

The greater part of the device, com- 
prising the phosphor layer, electrodes, in- 
sulating coating, and transverse conducting 
strips, is preferably encapsulated by means 
of an enclosure hermetically sealed to the 95 
substrate, at least that part of the en- 
capsulating structure which is in contact 
with and sealed to the substrate, and thus 
is in contact with parts of the conducting 
pattern on the substrate and possibly with *W 
the transverse conducting strips and con- 
tacts, being composed of insulating 
material, suitably glass or ceramic. Suitable 
forms of encapsulating structure are, for 
example, a glass or ceramic dome, or a 105 
glass frame covered by a metal plate, or a 
metal dome insulated from the substrate 
conductors, for example by an oxide layer. 
Preferably the encapsulating enclosure is 
filled with a dry atmosphere consisting of 110 
an inert gas containing a small proportion 
of oxygen, and contains a getter for water 
vapour. 

In the case of a sandwich panel, the lead 
or leads from the back electrode or sec- 
tions thereof may, if desired, be in the 
form of strips of metal or metal paint con- 
nected to contacts situated on the sub- 
strate. Preferably, however, to avoid prob- 
lems of space and insulation on the sub- 120 
strate, these leads are sealed through an 
insulating portion of the encapsulating 
structure, the latter thus providing support 
and insulation for the leads : leads so sup- 
ported may consist of robust metal strips 125 
bent to form spring contacts with the elec- 
trode sections. 

The preferred method of manufacturing 
a device in accordance with the invention 
includes the steps, in order, of forming the 130 
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required pattern of light-transmissive elec- 
trically conducting material on the sub- 
strate, depositing one or more layers of in- 
sulating material on the appropriate re- 

5 gions of the substrate, apertures being for- 
med in the insulating coating as required, 
depositing the phosphor layer and (in the 
case of a sandwich panel) the back elec- 
trode over the requisite part or parts of 

10 the display area, depositing transverse 
strips of electrically conducting material so 
as to overlie the apertures in the insulating 
coating in the regions outside the display 
area and depositing contact pads on the 

15 contact areas adjacent to the edge of the 
substrate, and sealing an encapsulating 
structure to the edge regions of the sub- 
strate, a lead or leads from the back elec- 
trode or sections thereof, if present, being 

20 sealed through an insulating portion of the 
encapsulating structure before or during 
the encapsulating procedure. Finally, the 
device is brought into the requisite con- 
dition for operation by a suitable electric 

25 forming process, carried out in known 
manner, to develop the electroluminescent 
properties of the panel and increase its 
electrical resistance. 
The substrate is usually of glass, and the 

30 conducting coating thereon, suitably con- 
sisting of tin oxide, and the overlying in- 
sulating layer or layers, are conveniently 
formed in the required patterns by photo- 
resist techniques. The phosphor layer and 

35 the back electrode may be formed by any 
known convenient techniques, for example 
the phosphor layer may be deposited by 
spraying a phosphor powder suspension, 
and the back electrode may be formed by 

40 spraying a silver powder suspension or by 
evaporating aluminium, in each case 
through a suitable mask; alternatively both 
the phosphor layer and the back electrode 
may be applied by screen printing. 

45 An electroliuninescent display device in 
accordance with the invention can be oper- 
ated by means of a drive circuit of known 
kind. In one convenient arrangement, at 
least part of the drive circuitry, in the 

50 form of printed circuits carried on chips of 
insulating material, can be mounted on the 
same substrate as the display panel, the 
substrate in this case being somewhat lar- 
ger in area than that required to accom- 

55 modate only the display panel and as- 
sociated leads, transverse conducting strips 
and contact areas. The circuitry mounted on 
the display substrate in this manner can 
then be enclosed in the display en- 

60 capsulation. 

A specific form of electroluminescent 
display device in accordance with the in- 
vention, and the method which we have 
employed for the manufacture of the de- 

65 vice, will now be described by way of ex- 


ample, with reference to the accompanying 
drawings, in which 

Figure 1 shows a device including a nine 
digit display panel, in front plan view, that 
is to say as observed through the trans- 70 
parent substrate, 

Figure 2 is a back plan view of the de- 
vice of Figure 1, prior to encapsulation, on 
a smaller scale, and 

Figure 3 is a perspective view of the 75 
completed, encapsulated, device, also on a 
smaller scale. 

Like parts in the different figures of the 
drawings are indicated by the same refer- 
ence numerals. 80 

Referring to Figure 1, in which only the 
two end members of the series of nine 
digits are shown, a rectangular glass sub- 
strate 1 has formed on it a transparent tin 
oxide coating comprising front electrode 85 
sections 2. leads 3. 4, 5, 6, 7, 8, 9 and 10 
running generally parallel to one another 
from the electrode sections towards the 
longer edges of the substrate, two strips 11 
and 12 lying transverse to the leads, and w 
contact areas 13, 14, 15, 16, 17, 18, 19 and 
20 on the shorter edge regions of the sub- 
strate, the strips 11 and 12 being directl) 
joined to the contact areas 13 and 16 re- 
spectively. The electrode sections 2 con- 95 
stitute the display elements, consisting of 
seven bars and a dot for each digit, and 
have been shaded in order to show the 
form of the digits clearly. The seven digits 
which are not shown in Figure 1, in- 100 
tervening between the two end digits, are 
of identical construction to those shown: 
corresponding leads and other components 
for the different digits are indicated by the 
same reference numerals. t 1U5 

A transparent insulating coating overlies 
the leads and surrounds the area occupied 
by each digit delineating the ouer per- 
ipheries of the electrode sections: as 
shown in Figure 1, each electrode section 110 
is clearly distinguished, by the shading, 
from its associated lead. The ins.ulating 
coating consists of a central portion 21, 
covering the leads in the display area of 
the panel, and composed only of a film of 115 
colourless photoresist, and two outer por- 
tions 22 composed of the same colourless 
photoresist overlaid by an additional layer 
of a more highly insulating photoresist, 
which may be coloured. The outer portions 120 
22 of the insulating coating have apertures 
23, 24, 25, 26, 27, 28 formed over outer 
end portions of the leads 3, 5, 6, 7, 8 and 
10 respectively. 

Transverse strips of silver paint 29, 30, 125 
31, 32, 33 and 34, shown by broken lines 
behind the leads and insulation, lie on the 
outer portions 22 of the insulating coating, 
parallel to the strips 11 and 12. in such 
positions that each silver strip overlies a 130 
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set of apertures in the insulating coating 
through which corresponding leads of all 
the digits are exposed : thus the leads 3 of 
all the digits are connected to the trans- 
5 verse strip 31 through the apertures 23, 
and hence to the contact area 18, and 
similarly all the leads 5, 6, 7, 8, 10 are 
connected respectively to the strips 29, 30, 

34, 33, 32 through the apertures 24, 25, 26, 
10 27, 28, and hence to the respective contact 

areas 17, 14, 20, 15 and 19. The leads 4 
and 9 are joined directly to the conducting 
strips 11 and 12 respectively. Contact pads 

35, composed of silver paint, are provided 
15 on the outer edges of all the contact areas. 

In Figure 2, which shows the back view 
of the whole panel without any en- 
capsulating enclosure, only those parts of 
the transparent conducting pattern on the 

20 substrate which lie outside the insulating 
coating, namely the strips 11 and 12 and 
the contact areas 13 to 20 inclusive, are 
shown: the leads, which are visible 
through the insulating coating, have been 

25 omitted in the interests of clarity of the 
drawing. The transverse conducting strips 
29 to 34 are fully visible, overlying the 
outer portions 22 of the insulating coating 
and terminating on the contact areas 17, 

30 14, 18, 19, 15 and 20 respectively. This 
Figure also shows the back electrode in the 
form of separate sections 36 covering the 
areas of the respective digits and over- 
lapping the edge portions of the insulating 

35 layer 21 which delineate the digits. The 
phosphor layer also consists of sections' 
identical in area with, and underlying, the 
back electrode sections 36, and therefore is 
not visible in the view shown in Figure 2, 

40 but is seen at 36a in Figure 1. 

Figure 3 shows the completed device, 
with an encapsulating structure consisting 
of a glass frame covered by an aluminium 
plate 39. The glass frame is formed in two 

45 sections, 37 and 38, fused together with 
leads to the back electrode sections, in the 
form of strips 40 of an alloy consisting of 
29% nickel, 17% cobalt and 54% iron, 
sealed through the junction between the 

50 two glass sections 37 and 38 : the inner 
ends of the leads (not shown in the draw- 
ing) are bent to provide spring contacts 
with the electrode sections. 
In the manufacture of the device de- 

55 scribed above with reference to the draw- 
ings, one side of a glass plate, to constitute 
the substrate, is first coated with a film ol 
tin oxide in known manner, and this film 
is coated with a positive photoresist, which 

o"0 is then exposed to ultra violet radiation 
through a mask delineating the pattern of 
the areas of tin oxide film which are to be 
removed. The exposed parts of the photo- 
resist layer are developed and thus re- 

65 moved, and the tin oxide film in these 


areas is then removed by a known etching 
process. The residual photoresist is then 
exposed and removed by developing, leav- 
in the desired tin oxide pattern on the 
substrate. 70 

The two layers of insulating material are 
then applied to the substrate: the first, 
colourless, layer consists of the photoresist 
manufactured by Kodak Limited and sold 
under the Trade Mark "KMER", and the 75 
second layer consists of the photoresist 
manufactured by Shipley Limited and sold 
under the Trade Mark ^AZlll". The 
layers are applied successively, in each 
case by coating the whole substrate by dip- 80 
ping, and then removing the unwanted 
areas by exposing them to ultra violet radi- 
ation through a mask covering the areas to 
be retained, and developing the exposed 
areas: thus the first layer is removed from 85 
the requisite areas for delineating the digits 
and for forming the apertures through 
which the leads are to contact the trans- 
verse conducting strips, and the second 
layer is removed from the whole of the 9 a 
display area as well as from the areas cor- 
responding to the said apertures. The re- 
sidual photoresist of each layer is finally 
baked at a temperature of 150 °C. 

A continuous layer of a zinc sulphide 95 
phosphor is then applied over the area oc* 
cupied by all the digits, by spraying a 
phosphor powder suspension through a 
suitable mask, and is dried in an oven. A 
back electrode is applied over the whole of 100 
the phosphor layer, by spraying a suspen- 
sion of silver powder through the mask 
used for the phosphor layer, and is also 
dried. The phosphor and back electrode 
layers are then scribed simultaneously into 105 
nine portions, to provide separate sections 
for the individual digits. The transverse 
conducting strips overlying the insulating 
layers, and the contact pads on the edges 
of the substrate, are formed simultaneously 110 
by the application of silver paint by a 
screen printing process. 

For encapsulation of the device, two 
preformed glass frames of the same shape 
as, but of slightly smaller area than, the 115 
substrate, are fused together around their 
perimeters, the back electrode leads being 
sealed through the junction between the 
two frames along one side, as shown in 
Figure 3, and the composite frame is at- 120 
tached to the substrate by means of a suit- 
able adhesive, for example an epoxy resin 
adhesive. A water vapour getter consisting 
of molecular sieve material (not shown in 
the drawings), in pelleted or powder form, 125 
is placed within the glass frame, which is 
then covered by an alurninium plate: the 
aluminium plate 39 is sealed to the com- 
posite glass frame with the epoxy resin ad- 
hesive, this final sealing operation being 130 
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carried out in an atmosphere of dry nit- 
rogen containing 2% by volume of oxygen. 

Finally the device is subjected to a for- 
ming process consisting in the initial appli- 
5 cation of a potential of 10 volts betv/een 
the electrodes, for a few minutes, and then 
gradually increasing the applied voltage to 
100 volts. 

It will be seen that, as a result of the 

10 incorporation of the transverse conducting 
strips 11, 12, 29, 30, 31, 32, 33 and 34 in 
the construction of the display panel de- 
scribed above with reference to the draw- 
ings, the total number of leads required for 

15 connection of the device to a drive circuit 
is only 17, one lead being attached to each 
of the contact areas 13, 14, 15, 16, 17, 18, 
19 and 20, and one to each of the nine 
back electrode sections 36 covering the re- 

20 spective digit areas. In contrast to this, a 
nine digit display device of conventional 
construction would require 81 leads for 
connection in a corresponding manner to a 
drive circuit 

25 WHAT WE CLAM IS:— 

1. An electroluminescent display device 
of the type hereinbefore specified, which 
includes a light-transmissive, electrically 
conducting coating formed on a substrate 

30 in a pattern including a multiplicity of 
electrode sections arranged to form the re- 
quired elements in a display area of the 
panel, said electrode sections either con- 
stituting one of the electrodes of the device 

35 or being arranged in two sets so as to con- 
stitute both electrodes of the device, said 
pattern also including leads extending from 
the respective electrode sections towards 
the edge of the substrate and a plurality of 

40 contact areas adjacent to the edge of the 
substrate; an insulating coating overlying 
said leads and delineating the periphery of 
each portion of the display area corres- 
ponding to a said element or a group of 

45 said elements, the regions of the insulating 
coating which lie outside the display area 
having a plurality of apertures through 
each of which a small area of one of said 
leads is exposed, each lead being so ex- 

50 posed througji not more than one such ap- 
erture; a plurality of strips of electrically 
conducting material overlying the insulating 
coating in the said regions outside the dis- 
play area and disposed transverse to the 

55 said leads, each of said conducting strips 
overlying a plurality of the said apertures 
in the insulating coating, so as to contact 
the leads therethrough, and being con- 
nected to one of said contact areas ad- 

60 jacent to the edge of the substrate; a phos- 
phor layer overlying at least the said de- 
lineated portions of the display area; and 
where the said multiplicity of electrode sec- 
tions constitutes only one of the electrodes 

65 of the device, a second electrode or set of 


electrode sections overlying the phosphor 
layer. 

2. A display device according to Claim 
1, wherein the substrate is of rectangular 
shape, the leads from the electrode sections 70 
are arranged substantially parallel to one 
another, running from the respective elec- 
trode sections towards the longer edges of 
the substrate, and the transverse con- 
ductive strips overlying the insulating coat- 75 
ing lie parallel to the longer edges of the 
substrate and are connected to contact 
areas which are disposed adjacent to the 
shorter edges of the substrate. 

3. A display device according to Claim 80 
1 or 2, wherein the said light-transmissive, 
conducting pattern formed on the substrate 
includes one or more transverse strips, 
lying parallel to the said transverse con- 
ducting strips overlying the insulating layer, 85 
disposed between the latter strips and the 
edge of the substrate so as to form the 
outermost members of groups of transverse 
conducting strips, and connected to contact 
areas adjacent to the edge of the substrate, 90 
and wherein some of the leads from the 
electrode sections are extended to join said 
outermost transverse strips. 

4. A display device according to Claim 

1, 2 or 3, wherein each of said transverse 95 
conducting strips is connected to leads 
from a plurality of electrode sections which 
are required to be energised simul- 
taneously. 

5. A display device according to Claim 100 
4, wherein the display elements are 
arranged in a number of similar groups, 
and the apertures in the insulating coating 
and the disposition of the transverse con- 
ducting strips are so arranged that each 105 
such strip is in contact with a lead from 
one display element in each said group, the 
elements thus connected to any one such 
strip all occupying the same position in 
their respective groups, whereby multi- 110 
plexing of the said groups can be carried 
out by means of said transverse strips. 

6. A display device according to any 
preceding Claim, wherein the display panel 

is of the sandwich form, as hereinbefore 115 
defined, and wherein the front electrode is 
constituted by the electrode sections in- 
cluded in the light-transmissive conducting 
pattern on the substrate, and the back 
electrode overlies the phosphor layer. 120 

7. A display device according to Claim 
6, wherein the back electrode is formed in 
a plurality of sections each covering one of 
the portions of the display area which are 
delineated by the insulating coating, and 125 
leads are provided for connection of the re- 
spective sections of the back electrode to 

an operating circuit. 

8. A display device according to any of 
the preceding Claims 1 to 5, wherein the 130 
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display panel is of the gap-cell form as 
hereinbefore defined, and wherein both 
electrodes are formed in a multiplicity of 
sections included in the light-transmissive 

5 conducting pattern on the substrate, the 
patterns of the two electrodes being so 
arranged that each element of the display 
is formed by a gap between adjacent sec- 
tions of the respective electrodes, and two 

10 sets of transverse conducting strips being 
provided, the two such sets being arranged 
to contact the leads from the sections of 
the two electrodes respectively. 

9. A display device according to Claim 
15 7, which comprises a digital display panel, 

wherein the front electrode sections are 
arranged in a number of identical groups 
each corresponding to a digit, the area of 
each digit is delineated by the insulating 

20 coating, the phosphor layer and the back 
electrode are formed in sections covering 
the respective digit areas, and the number 
of transverse conducting strips incorporated 
in the device is equal to the number of 

25 front electrode sections forming each digit, 
the front electrode sections in the corres- 
ponding position in all the digit areas being 
connected to the same transverse strip, and 
a separate transverse strip being provided 

30 for each set of such corresponding front 
electrode sections. 

10. A display device according to any 
preceding Claim wherein the said insulating 
coating consists of one or more layers of 

35 photoresist material. 

11. A display device according to any 
preceding Claim wherein at least the part 
of the insulating coating adjacent to the 
display elements and immediately sur- 

40 rounding the delineated portions of fee dis- 
play area consists of a transparent film of 
material which is either colourless or of a 
light colour substantially the same as the 
body colour of the phosphor layer. 

45 12. A display device according to any 
preceding Claim wherein the parts of the 
insulating coating overlaid by transverse 
conducting strips are thicker than the parts 
thereof immediately surrounding the dis- 

50 play area. 

13. A display device according to any 
preceding Claim wherein the phosphor 
layer, electrodes, insulating coating, and 
transverse conducting strips are en- 

55 capsulated by means of an enclosure her- 
metically sealed to the substrate, at least 
that part of the encapsulating structure 
which is in contact with and sealed to the 
substrate being composed of insulating 

<60 material. 

14. A display device according to 
Claim 13, wherein the said encapsulating 
enclosure is filled with a dry atmosphere 
consisting of an inert gas containing a 


small proportion of oxygen, and contains a 65 
getter for water vapour. 

15. A display device according to 
Claim 13 or 14, which is of the sandwich 
form as hereinbefore defined, wherein the 
lead or leads from the back electrode or 70 
sections thereof is or are sealed through an 
insulating portion of the encapsulating 
structure. 

16. A method of manufacturing an 
electroluminescent display device according 75 
to Claim 15, which includes the steps, in 
order, of forming the required pattern of 
light-transmissive, electrically conducting 
material on the substrate, depositing one or 
more layers of insulating material on the 80 
appropriate regions of the substrate, ap- 
ertures being formed in the insulating coat- 
ing as required, depositing a phosphor 
layer and, in the case of a display panel of 
the sandwich form as hereinbefore defined, 85 
a back electrode over the requisite part or 
parts of the display area, depositing trans- 
verse strips of electrically conducting 
material so as to overlie the apertures in 
the insulating material in the regions out- 90 
side the display area, depositing contact 
pads on the contact areas adjacent to the 
edge of the substrate, sealing an en- 
capsulating structure to the edge regions of 
the substrate, a lead or leads from the 95 
back electrode or sections thereof, if pre- 
sent, being sealed through an insulating 
portion of the encapsulating structure 
before or during the encapsulating 
procedure, and subjecting the completed ^ 
device to an electric forming process. 

17. An electroluminescent display de- 
vice according to Claim 1, including a nine 
digit display panel, substantially as shown 

in, and as hereinbefore described with 105 
reference to, the accompanying drawings. 

18. A method of manufacturing an 
electroluminescent display device according 
to Claim 1, including a nine digit display 
panel, carried out substantially as here- 110 
inbefore described by way of example, with 
reference to the accompanying drawings. 

19. In combination, an elec- 
troluminescent display device according to 
any of the preceding Claims 1 to 15 and 115 
17, and a circuit arrangement for operating 

the device, wherein at least part of the cir- 
cuit arrangement, in the form of printed 
circuits carried on chips of insulating 
material, is mounted on the same substrate 120 
as the display panel and the associated 
leads, transverse conducting strips and con- 
tact areas, and is enclosed in the display 
encapsulation. 

For the Applicants, 
J. E. M. HOLLAND 
Chartered Patent Agent, 
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